CHARACTERISTIC AMOUNT CALCULATING DEVICE 
FOR SOLDERING INSPECTION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a characteristic 
amount calculating device for soldering inspection for 
calculating a characteristic amount for use in generation 
of inspection data to be used in an optical or X-ray 
transmissive appearance inspecting machine for inspecting 
a soldered portion of a component mounted on a printed 
wiring board. 

Description of the Related Art 

The inspection of a soldered portion by the optical 
or X-ray transmissive appearance inspecting machine is 
performed by inspecting the shape of a solder bonding a 
land on a printed wiring board and a component to be 
mounted on the printed wiring board to thereby inspect 
the connected condition of the solder for the purpose of 
ensuring long-term reliability. Both in the optical 
appearance inspecting machine and in the X-ray 
transmissive appearance inspecting machine, an inspection 
image indicating the characteristic of the three- 
dimensional solder shape is picked up. 



In the case of the optical appearance inspecting 
machine, light is directed onto the solder from the upper 
side of the printed wiring board and reflected light from 
the surface of the solder is picked up. The solder 
surface has a capability of specular reflection, so that 
light incident on the solder surface in a specific 
direction is reflected on the solder surface in a 
specific direction. Accordingly, the inspection image 
indicates the surface angle of the solder shape. In the 
case of the X-ray transmissive appearance inspecting 
machine, X rays are directed to the solder from the upper 
or lower side of the printed wiring board to pick up 
(intensity detect) transmitted X rays. The transmittance 
of the X rays continuously changes with the thickness of 
the solder, so that the inspection image indicates the 
thickness of the solder. 

In general, the inspection image indicating the 
characteristic of the three-dimensional solder shape 
reflects a difference in solder shape between a defective 
and a nondef ective, and therefore has different 
characteristics between the defective and the 
nondef ective . Accordingly, the inspection is performed by 
measuring different characteristic amounts between the 
defective and the nondefective and providing a threshold 
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therebetween to perform defect ive/nondef ective 
determination. The characteristic amount means an 
intensity average in an arbitrary region of the 
inspection image or the length or area of a region having 
an arbitrary intensity. There is a large difference in 
characteristic amount between the defective and the 
nondef ective in terms of a general solder shape. 
Accordingly, by setting the threshold between the 
characteristic amount of the defective and the 
characteristic amount of the nondef ective, the inspection 
can be performed. However, there are variations in solder 
shape generated, so that the characteristic amount of the 
defective may be similar to the characteristic amount of 
the nondef ective in some case. 

In this case, there is a possibility of "overtight" 
determination such that an actual nondefective solder 
shape is erroneously determined as defective or 
"undertight" determination such that an actual defective 
solder shape is erroneously determined as nondefective, 
depending upon the threshold set above. The "overtight" 
determination causes an increase in number of times of 
visual inspection to be performed in the subsequent step, 
and the "undertight" determination further causes a . 
reduction in nonadjusted ratio in the subsequent step, 



causing an increase in cost of the subsequent step. It is 
therefore desirable to minimize the "overtight" 
determination and the "undertight " determination by 
adjustment of the threshold or adjustment of inspection 
data including modification of an inspection region or 
modification of an inspection method. 

The adjustment of inspection data must be performed 
as checking the circumstances of occurrence of the 
"undertight" or "overtight" determination for all the 
defective and nondefective solder shapes, because there 
is a case that an excess reduction in the "undertight" 
determination may cause an increase in the "overtight" 
determination, or there is a case that an excess 
reduction in the "overtight" determination may cause an 
increase in the "undertight" determination. 
Conventionally, the adjustment of inspection data is 
performed as checking the circumstances of occurrence of 
the "undertight" or "overtight" determination for solder 
shapes formed in the past, by collecting past 
characteristic amounts, inspection images, and results of 
def ective/nondef ective determination in visual inspection. 
In this case, the information on the characteristic 
amounts collected over a long period of time includes 
information on every solder shape, so that the adjustment 
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of optimum inspection data can be performed. 

However, the conventional method has three problems. 
The first problem is that long-term data collection 
related to solder shapes must be carried out. In the 
conventional method, the information on every solder 
shape is obtained by data collection. However, since the 
frequency of occurrence of solder shapes causing the 
"undertight" or "overtight" determination is low and 
these solder shapes are various, the data collection must 
be made for a long period of time, resulting in the 
requirement of much time for optimization of the 
inspection data. 

The second problem is that the 
def ective/nondef ective determination is ambiguous. The 
"overtight" or "undertight" determination is made by the 
comparison of the determination result by the visual 
inspection in the subsequent step and the determination 
result by the appearance inspecting machine. That is, the 
determination result by the appearance inspecting machine 
is evaluated under the condition that the determination 
result by the visual inspection is correct. However, the 
visual inspection is made by human sensory inspection 
with reference to an inspection standard on a solder 
amount and solder wettability. As a result, the 



def ective/nondef ective determination in the visual 
inspection is ambiguous, causing an interference with the 
optimization of inspection data. For example, there is a 
case that an actual defective may be determined as a 
nondefective in the visual inspection, causing the 
occurrence of false "overtight " determination. When data 
adjustment is made against this occurrence, "undertight" 
determination actually occurs rather than reducing the 
"overtight" determination . 

The third problem is that there are variations in 
inspection image due to any factors other than solder 
shapes. The adjustment of inspection data should be made 
for a solder shape determining a defective or a 
nondefective. However, an inspection image and a 
characteristic amount are not in one-to-one 
correspondence to a solder shape, but vary due to any 
factors such as a solder surface condition other than 
solder shapes. As a result, there is a case that an 
extremely rare inspection image may be produced outside 
the range of normal variations due to solder shapes. If 
the inspection data is adjusted for such a rare 
inspection image, there is a possibility that the 
"undertight" or "overtight" determination may increase. 
Therefore, such a rare inspection image must be removed 

6 



from the object to data adjustment. However, it is 
difficult to distinguish between such a rare inspection 
image and a normal inspection image, thus causing a 
difficulty of optimization of inspection data. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a characteristic amount calculating device for 
soldering inspection which can obtain a characteristic 
amount in a short period of time. 

It is another object of the present invention to 
provide a characteristic amount calculating device for 
soldering inspection which can obtain a characteristic 
amount in a short period of time and can perform a 
precise def ective/nondef ective determination . 

In accordance with an aspect of the present 
invention, there is provided a characteristic amount 
calculating device for soldering inspection, including 
design information inputting means for inputting design 
information of an inspection object; inspection standard 
inputting means for inputting an inspection standard; 
solder shape calculating means for calculating shape 
information of a solder fillet according to the design 
information; inspection image calculating means for 
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calculating an inspection image according to the shape 
information of the solder fillet; characteristic amount 
calculating means for calculating a characteristic amount 
from the inspection image; solder shape 

def ective/nondef ective determining means for determining 
whether the solder shape is defective or nondefective 
from the shape information by using the inspection 
standard; and characteristic amount outputting means for 
displaying or outputting the characteristic amount and a 
result of def ective/nondef ective determination. 

The design information includes a component shape 
and a land shape, and the solder shape calculating means 
calculates a plurality of solder shape data according to 
the component shape and the land shape input. Preferably, 
the design information includes a component mounting 
position, a solder wicking position, a solder spreading 
position, and a solder basic shape independent of 
design/manufacture conditions. The solder shape 
calculating means calculates a plurality of solder shape 
data according to the component mounting position, the 
solder wicking position, the solder spreading position, 
and the solder basic shape input. 

The solder shape calculating means calculates 
three-dimensional coordinate data by using a fillet curve 
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showing the contour of the solder fillet, a wicking curve 
showing a solder wicking condition on a component surface, 
and a spreading curve showing a solder spreading 
condition on a land surface. The inspection image 
calculating means has inspection image obtaining means 
for obtaining the inspection image by using an inspection 
image obtaining function indicating the intensity of the 
inspection image with respect to the characteristic 
amount including the angle or thickness of the solder 
fillet. 

The inspection image obtaining function is 
calculated by using an actual inspection image of a 
solder fillet formed on a land at an unmounted portion as 
a function showing the intensity of the inspection image 
with respect to the characteristic amount including the 
angle or thickness of the solder fillet. Preferably, the 
inspection standard includes a solder amount standard, a 
solder wicking standard, and a solder spreading standard. 
The solder shape def ective/nondef ective determining means 
performs the def ective/nondef ective determination for a 
virtual solder shape by using the inspection standard 
specifying a defective range on a solder amount or a 
solder wetting amount. 

The characteristic amount outputting means outputs 
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information selected from the group consisting of a 
solder shape, solder amount, wetting amount, and 
inspection image shown by three-dimensional coordinate 
data, in addition to the characteristic amount and the 
def ective/nondef ective determination result . Preferably, 
the characteristic amount outputting means specifies a 
threshold related to the characteristic amount to thereby 
display a solder shape determined as undertight or 
overtight . 

The above and other objects, features and 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the 
invention itself will best be understood from a study of 
the following description and appended claims with 
reference to the attached drawings showing some preferred 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a characteristic 
amount generating device according to the present 
invention; 

FIG. 2 is a flowchart showing the generation of a 
solder shape table ; 

FIG. 3 is a perspective view showing the position 
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of generation of three-dimensional solder shape data; 

FIG. 4 is a perspective view for illustrating 
deviations in mounting position in relation to the three- 
dimensional solder shape data; 

FIG. 5A is a graph showing a fillet curve; 

FIG. 5B is a graph showing a component wet 
condition curve; 

FIG. 5C is a graph showing a land wet condition 

curve; 

FIGS. 6A to 6C are graphs showing examples of the 
fillet curve; 

FIGS. 7A and 7B are graphs showing examples of the 
component wet condition curve; 

FIG . 8 is a perspective view for illustrating a 
calculation method for a three-dimensional solder shape 
model ; 

FIG. 9A is a perspective view showing an example of 
the solder shape model in the case of a lead component; 

FIG. 9B is a perspective view showing an example of 
the solder shape model in the case of a chip component; 

FIG. 10 is an output example of the solder shape 

table; 

FIG. 11 is a flowchart showing the generation of an 
inspection image by the optical inspection method; 
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FIG. 12 is a flowchart showing the generation of an 
inspection image by the X-ray transmissive inspection 
method; 

FIG. 13 is a perspective view showing the shape of 
an unmounted portion; 

FIG. 14 is a graph showing an example of an 
inspection image obtaining function by the optical 
inspection method; 

FIG. 15 is a perspective view for illustrating a 
generation method for an optical inspection image; 

FIG. 16A is an example of the optical inspection 
image in relation to the lead component shown in FIG. 9A; 

FIG. 16B is an example of the optical inspection 
image in relation to the chip component shown in FIG. 9B; 

FIG. 17A is an example of the X-ray transmissive 
inspection image in relation to the lead component shown 
in FIG. 9A; 

FIG. 17B is an example of the X-ray transmissive 
inspection image in relation to the chip component shown 
in FIG. 9B; 

FIG. 18 is a flowchart showing the generation of a 
characteristic amount; 

FIG. 19 is a flowchart showing the 
def ective/nondef ective determination for a solder shape; 
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and 

FIG. 20 is an output example of an inspection image 
table, characteristic amount table, and 
def ective/nondef ective determination table . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention 
will now be described in detail with reference to the 
drawings. FIG. 1 is a block diagram of a characteristic 
amount generating device 2 according to a preferred 
embodiment of the present invention. The characteristic 
amount generating device 2 includes design information 
inputting means 4 for inputting design information, 
solder shape calculating means 6 for outputting a 
plurality of three-dimensional solder shape data 
according to the design information, and inspection image 
calculating means 8 for outputting an inspection image 
according to an inspecting machine (optical appearance 
inspecting machine or X-ray transmissive appearance 
inspecting machine) using the above three-dimensional 
solder shape data. 

The characteristic amount generating device 2 
further includes characteristic amount calculating means 
10 for calculating a characteristic amount for the 



inspection image according to a characteristic amount 
specifying method in each inspecting machine, inspection 
standard inputting means 12 for inputting inspection 
standards such as a solder amount and a wetting amount as 
the criteria for def ective/nondef ective determination, 
solder shape def ective/nondef ective determining means 14 
for performing the def ective/nondef ective determination 
according to the inspection standards and the three- 
dimensional shape data, and characteristic amount 
outputting means 16 for displaying or outputting the 
calculated data and displaying or outputting a solder 
shape causing "undertight" or "overtight" determination 
in setting a threshold. 

The design information inputting means 4 inputs the 
design information required for generation of the three- 
dimensional solder shape data. The design information 
includes a component mounting position, component lead 
(electrode) height, land shape, solder wicking position, 
solder spreading position, and solder basic shape 
independent of design/manufacture conditions. The design 
information further includes the amount of solder to be 
printed as a criterion for def ective/nondef ective 
determination relating to a solder amount. The design 
information is input by operating a keyboard or the like 



to directly input data on a screen or by inputting data 
from a database. 

In the prior art, the long-term data collection 
relating to a solder shape is required, because the 
characteristic -amount relating to a solder shape whose 
frequency of occurrence is low is necessary to eliminate 
the "undertight " or "overtight" determination in the 
solder inspection. Accordingly, if the solder shape whose 
frequency of occurrence is low can be predicted to obtain 
the result of def ective/nondef ective determination and 
the characteristic amount of an inspection image, the 
requirement of long-term data collection can be 
eliminated and data adjustment can be made prior to 
achievement of manufacture performance. 

In predicting a normal solder shape, it is 
necessary to calculate a surface tension or the like as 
considering design conditions such as wettability of a 
component and a solder amount and manufacture conditions 
such as a reflow oven temperature. However, in obtaining 
solder shapes whose frequency of occurrence is low, it is 
necessary to consider variations of various parameters in 
the calculation step, and it is very difficult to 
calculate all the solder shapes whose frequency of 
occurrence is low. 



However, the surface of a solder shape is formed by 
smooth curves, and a basic solder shape is defined. 
Further, in adjusting the inspection data, it is only 
necessary to know changes in variation of a solder shape, 
and no accurate prediction of a solder shape is required. 
Accordingly, the solder shape calculating means 6 defines 
a basic solder shape and modifies the basic solder shape 
according to variations in component and land shapes, 
component mounting position, solder wicking amount, 
solder spreading amount, etc., thereby calculating a 
plurality of kinds of solder shapes. 

More specifically, the solder shape calculating 
means 6 calculates hundreds of kinds of three-dimensional 
solder shape data to know the tendency of solder shapes 
in the case of considering manufacture variations. The 
manufacture variations include a deviation in mounting 
position, a difference in basic shape due to manufacture 
or solder material, and a solder wet condition. Of these 
manufacture variations, several to tens of kinds of 
variations are defined, and all the variations are 
combined to calculate hundreds of kinds of three- 
dimensional solder shape data. 

The position of generation of the three-dimensional 
solder shape data will now be described with reference to 



FIG. 3. The three-dimensional solder shape data to be 
calculated by a program are three-dimensional coordinate 
data representing the height (z axis) of a solder fillet 
to be formed within a land wetting plane 22 (x-y plane) 
extending from the front end of a land 18 to the front 
end of a lead 20. 

The program for calculation of the three- 
dimensional solder shape data will now be described with 
reference to the flowchart shown in FIG . 2. In step SI, 
the design information including a component mounting 
position and a land shape is input. In step S2, a 
plurality of deviations of mounting position from a 
normal component mounting position obtained by the design 
information are calculated, and one of the deviations 
thus calculated is selected. In the case shown in FIG. 3, 
the lead 20 is mounted at a position spaced apart a 
distance L from the front end of the land 18 having a 
size of D X w. 

As shown in FIG. 4, a lateral deviation a from the 
center of the land 18 in its lateral direction and a 
longitudinal deviation j3 from the mounting position L are 
selected, wherein several kinds of deviations are 
selected in a nondefective range for the lateral 
deviation a and the longitudinal deviation j3 . Usually, a 
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mounting position deviation is inspected in a mounting 
inspection (inspection for a component itself), and a 
deviation in solder shape may be considered only in a 
nondefective range. In step S3, different conditions of a 
solder bonded according to a difference in solder 
material as the design information input are expressed by 
using a basic pattern including three kinds of curves. 

This basic pattern is defined as the combination of 
three kinds of curves shown in FIGS. 5A to 5C . These 
three kinds of curves are a fillet curve shown in FIG. 5A 
for determining the solder shape from the front end of 
the lead 20 to the front end of the land 18, a component 
wet condition curve shown in FIG. 5B for representing a 
wet condition of the lead 20, and a land wet condition 
curve shown in FIG. 5C for representing a wet condition 
of the land 18. Each curve is defined as a four-point 
Bezier curve suitable for representation of a smooth 
shape of a solder fillet. This four-point Bezier curve is 
a curve C n (t) defined by four control points a n , b n , c n , 
and d n shown below. 

S n = a nu u + a nv v, b n = b nu u + b nv v, c n = c nu u + c nv v, d n = d nu u + d, 

C n (t) is defined as follows: 
(1 - t) 3 a n + 3t(l - t) 2 b n + 3t 2 (l - t)c n +t 3 d n 

Each basic pattern is expressed as follows: 
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For the fillet curve Fi (u) , 
Fi(u) :Ci(t) 

For the component wet condition curve F 2 (u) , 
F 2 (u) :C 2 (t) (0^u<d 2u ) 

d 2v (d 2u ^u^a 3u ) 

C 3 (t) (a 3u <u^l) 
For the land wet condition curve F 3 (u), 

F 3 (u) :C 4 (t) (0^u<d 4u ) 

d 4v (d 4u ^u^a 5 u) 
C 5 (t) (a 5u <u^l) 

Each of the component wet condition curve F 2 (u) and 
the land wet condition curve F 3 (u) is symmetrical in the 
horizontal axis. Further, each control point is set in 
the range of 0 to 1, because it is expanded or contracted 
according to a land shape, component shape, etc. 

FIGS. 6A to 6C show examples of the fillet curve. 
This curve changes from FIG. 6A to FIG. 6C with changes 
in solder amount. FIGS. 7A and 7B show examples of the 
component wet condition curve. Although not shown, 
examples of the land wet condition curve are similar to 
those shown in FIGS. 7A and 7B. The program in this 
preferred embodiment uses tens of kinds of fillet curves, 
several kinds of component wet condition curves, and 
several kinds of land wet condition curves. In this case, 



a plurality of basic pattern data consisting of data on 
the three kinds of curves may be preliminarily stored in 
a solder shape pattern memory. Alternatively, the 
combination of the function expressing each curve and the 
control points for each curve may be preliminarily stored, 
and a plurality of basic pattern data may be generated by 
reading the stored contents. As another method, the 
control points and the function data may be input from 
the outside and a plurality of basic pattern data may be 
generated from these input parameters. 

Referring back to FIG. 2, the program next proceeds 
to step S4 to select a component wicking rate p and a 
land spreading rate q. For example, a plurality of 
candidates of the component wicking rate p and the land 
spreading rate q are preliminarily stored, and the 
combination of these stored candidates is sequentially 
selected. The three-dimensional solder shape data are 
calculated from the component mounting position deviation, 
the solder basic pattern, and the solder wet condition 
mentioned above. This process of calculation will now be 
described. 

First, a solder wicking position h and a solder 
spreading position 1 are calculated (see FIG. 8). 
h = pH 
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1 = q(L + ]3 ) 

where p and q are the solder wicking rate on the 
component and the solder spreading rate on the land, 
respectively, as selected above. 

Next, a component wicking curve F 2 (x) is calculated 
from the component wet condition curve F 2 (u), the land 
width W, the lateral deviation a , and the solder wicking 
position h. That is, the component wicking curve F z (x) is 
obtained by expanding or contracting the component wet 
condition curve F 2 (u) in consideration of the lateral 

deviation oc on the component wet condition plane 
represented by the land width W and the solder wicking 
position h. 

F z (x) = hF 2 (x/2 (W/2+ a ) ) ■ • • (0^x^W/2+a) 

= hF 2 ( (x- (W/2+ a ) ) /2 (W/2-a )+l/2) ' • • (W/2+a<x^W) 
Next, a land spreading curve F y (x) is calculated 
according to the land wet condition curve F 3 (u), the land 
width W, and the solder spreading position 1. That is, 
the land spreading curve F y (x) is obtained by expanding or 
contracting the land wet condition curve F 3 (u) on the land 
wet condition plane represented by the land width W and 
the solder spreading position 1. 
F y (x) = lF 3 (x/W) 

However, in the case that the lateral deviation in 



component mounting has an influence on the land spreading 
curve, the calculation of the land spreading curve F y (x) 
is similar to that of the component wicking curve F z (x). 
The calculation of the component wicking curve F z (x) and 
the calculation of the land spreading curve F y (x) are 
performed in step S5 of the flowchart shown in FIG. 2. 

Next, the program proceeds to step S6 to calculate 
three-dimensional solder shape data F(x,y). The three- 
dimensional solder shape data (three-dimensional 
coordinate data) F(x,y) is calculated by using the 
component wicking curve F z (x) , the land spreading curve 
F y (x), and the fillet curve F x (u) as shown below. 

F(x,y) = Fi(y/F y (x) )F z (x) • • • (y<F y (x)) 
= 0 (y^F y (x) ) 

The above equation represents three-dimensional 
data obtained by expanding or contracting the fillet 
curve Fi (u) with the component wicking curve F z (x) set as 
a start point and the land spreading curve F y (x) set as an 
end point. 

FIG. 9A shows a solder shape model in relation to a 
lead component 20. In FIG. 9A, reference numeral 26 
denotes a three-dimensional solder shape obtained by 
calculation. FIG. 9B shows a solder shape model in 
relation to a chip component 30. In FIG. 9B, reference 



numerals 28, 30, 32, and 34 denote a land, chip component, 
land wet condition plane, and component wet condition 
plane, respectively. Further, reference numeral 36 
denotes a three-dimensional solder shape obtained by 
calculation . 

Next, the program proceeds to step S7 to calculate 
a solder amount V. The solder amount V is calculated from 
the following equation. 

V = JJ F(x, y)dxdy 

Next, it is determined whether or not all the 
wetting positions have been selected (step S8), whether 
or not all the curves have been selected (step S9) , and 
whether or not all the deviations have been selected 
(step S10) . In step Sll, all the three-dimensional solder 
shapes for all the combinations of conditions are 
calculated and output as a solder shape table. 
Accordingly, the solder shape table is composed of a 
longitudinal deviation, lateral deviation, basic shape, 
component wicking rate, land spreading rate, solder 
amount, and three-dimensional shape data. The three- 
dimensional shape data and the solder amount are 
calculated from a component mounting position deviation 
(condition) , solder basic pattern, and solder wet 
condition . 
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In summary, the solder shape calculating means 6 
calculates a plurality of solder shape data from a 
component mounting position, solder wicking position, 
solder spreading position, etc. input. The solder shape 
calculating means 6 further uses a fillet curve showing 
contour in a longitudinal section of a solder central 
portion, a wicking curve showing a solder wicking 
condition on a component surface, and a spreading curve 
showing a solder spreading condition on a land surface, 
thereby calculating three-dimensional coordinate data 
from the fillet curve with the wicking curve set as a 
start point and the spreading curve set as an end point. 

Referring again to FIG. 1, the inspection image 
calculating means 8 selects an inspection method by an 
appearance inspecting machine and calculates an 
inspection image by using the three-dimensional shape 
data in the solder shape table. The inspection method 
means either the optical inspection method or the X-ray 
transmissive inspection method. FIG. 11 is a flowchart 
inspection image generation according to the optical 
inspection method, and FIG. 12 is a flowchart of 
inspection image generation according to the X-ray 
transmissive inspection method. In the case of the 
optical inspection method shown in FIG. 11, it is first 



determined whether or not the manufacture conditions have 
been changed in step S21. If the answer in step S21 is 
yes, the program proceeds to step S22 to obtain a solder 
surface angle and a reflection intensity function, 
whereas if the answer in step S21 is no, the program 
jumps to step S23 to obtain the three-dimensional solder 
shape data from the solder shape table shown in FIG. 10. 

On the other hand, in the case of the X-ray 
transmissive inspection method, it is determined whether 
or not the solder shape table has been ended in step S31 
of the flowchart shown in FIG. 12. If the answer in step 
S31 is yes, the program proceeds to step S32 to obtain a 
solder thickness and an X-ray transmittance function, 
whereas if the answer in step S31 is no, the program 
proceeds to step S33 to obtain the three-dimensional 
solder shape data from the solder shape table shown in 
FIG. 10. In other words, an inspection image obtaining 
function providing a detected intensity is used in each 
inspection method. In the case of the optical inspection 
method, the inspection image obtaining function is a 
function of the angle of a solder surface and the 
detected intensity of reflected light, and in the case of 
the X-ray transmissive inspection method, the inspection 
image obtaining function is a function of the thickness 



of a solder bonded and the detected intensity of 
transmitted X rays. A method of calculating the detected 
intensity by actual measurement will now be described. 

The inspection image obtaining function is a 
function of the parameter such as the angle of a solder 
surface (in the optical inspection method) or the 
thickness of a solder bonded (in the X-ray transmissive 
inspection method) and the detected intensity as 
mentioned above. Accordingly, the solder shape must be 
specified to obtain the function. However, it is 
difficult to measure the shape of a solder fillet formed 
between a normal component and a land, and the present 
invention therefore uses a dome-shaped solder fillet 
formed on a land at an unmounted portion. 

In the case that the solder fillet is formed like 
dome, the model therefor may be defined by the curves 
shown in FIG. 13. In FIG. 13, Ci and C 2 show elliptical 
curves . 

The height of the fillet is expressed as follows: 

Ci : z = HVl - 4x 2 / W 2 
C 2 : z = Uy/l - 4y 2 / L 2 

The angle of the fillet is expressed as follows: 



The intensity distribution of an inspection image 
along the axis can be obtained from the inspection image 
of the solder fillet. The inspection image obtaining 
function in the optical inspection method can be obtained 
from the angle of the fillet and the intensity 
distribution along the axis, and the inspection image 
obtaining function in the X-ray transmissive inspection 
method can be obtained from the height of the fillet and 
the intensity distribution along the axis. 

FIG. 14 shows an example of the inspection image 
obtaining function in the optical inspection method. In 
FIG. 14, the horizontal axis represents the surface angle 
of a solder fillet, and the vertical axis represents the 
intensity of reflected light. In this example, the 
intensity of reflected light is maximum at an angle of 
20° to 30° for the solder surface angle. The inspection 
image obtaining function is expressed by fitting to a 
theoretical equation or two-dimensional coordinate data. 
The inspection image is calculated for each solder shape 
in the solder shape table shown in FIG. 10 as obtained by 
the solder shape calculating means 6 by using the above 
inspection image obtaining function. 



In the case of obtaining an optical inspection 
image, a normal vector to a solder fillet surface at each 
coordinate is calculated as shown in FIG. 15 from the 
three-dimensional solder shape data to calculate the 

angle 6 formed between the normal vector and a vertical 
vector (step S24) . Next, the intensity of reflected light 
at each coordinate is calculated in step S25 to thereby 
obtain an inspection image from the angle 6 of the solder 
shape and the intensity of the reflected light (step S26) . 
In the case of obtaining an X-ray transmissive inspection 
image, the thickness h of the solder fillet at each 
coordinate is calculated from the three-dimensional 
solder shape data in step S34 shown in FIG. 12. Next, the 
transmittance of X rays at each coordinate is calculated 
in step S35 to thereby obtain an inspection image from 
the thickness h of the solder shape and the transmittance 
of the X rays in step S36. 

In the case of the optical inspection method shown 
in FIG. 11, it is next determined whether or not the 
solder shape table has been ended in step S27. If the 
answer in step S27 is yes, the program proceeds to step 
S28 to output an inspection image table, whereas if the 
answer in step S27 is no, the steps S23 to S26 are 
repeated. In the case of the X-ray transmissive 
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inspection method shown in FIG. 12, it is then determined 
whether or not the solder shape table has been ended in 
step S37. If the answer in step S37 is yes, the program 
proceeds to step S38 to output an inspection image table, 
whereas if the answer in step S37 is no, the steps S33 to 
S36 are repeated. 

FIGS. 16A and 16B show examples of the optical 
inspection image obtained by using the inspection image 
calculation program for the solder shape model on the 
lead component shown in FIG. 9A and the solder shape 
model on the chip component shown in FIG. 9B, 
respectively. FIGS. 17A and 17B show examples of the X- 
ray transmissive inspection image respectively 
corresponding to FIGS. 16A and 16B. That is, FIGS. 16A 
and 17A show inspection images on the lead component 
shown in FIG. 9A, and FIGS. 16B and 17B show inspection 
images on the chip component shown in FIG. 9B. 

In summary, the inspection image calculating means 
8 has inspection image obtaining means for obtaining an 
inspection image by using an inspection image obtaining 
function showing the intensity of the inspection image 
with respect to the solder characteristic amount such as 
the angle or thickness of a solder fillet. The inspection 
image obtaining function is calculated by using an actual 



inspection image of a solder fillet formed on a land at 
an unmounted portion as a function showing the intensity 
of the inspection image with respect to the solder 
characteristic amount such as the angle or thickness of 
the solder fillet. 

Referring again to FIG. 1, the characteristic 
amount calculating means 10 calculates a characteristic 
amount from the inspection image obtained by the 
inspection image calculating means 8 according to the 
measuring method by the optical or X-ray transmissive 
appearance inspecting machine, thereby generating a 
characteristic amount table. FIG. 18 is a flowchart 
showing a characteristic amount calculation program. In 
step S41, an inspection image is obtained from the 
inspection image table. In step S42, the inspection image 
is measured to calculate a characteristic amount. In step 
S43, it is determined whether or not the inspection image 
table has been ended. If the answer in step S43 is yes, 
the program proceeds to step S44 to output a 
characteristic amount table shown in FIG. 20, whereas if 
the answer in step S43 is no, the steps S41 and S42 are 
repeated. The characteristic amount table is a table 
obtained by adding a characteristic amount to the 
inspection image table. 



Referring again to FIG. 1, the inspection standard 
inputting means 12 is means for inputting inspection 
standards relating to a solder amount and solder 
wettability. As the inspection standard on the solder 
amount, an upper limit (threshold to an excess solder 
amount) and a lower limit (threshold to a short solder 
amount) for the amount of the solder formed at the front 
end of the land are input by the inspection standard 
inputting means 12. The upper limit and the lower limit 
are proportions or absolute values for the solder amount 
input by the design information inputting means 4 . 
However, it should be noted that a solder fillet is 
formed near the rear end of the land in the case of a 
lead component, so that the amount of the solder formed 
at the front end of the land is smaller than the solder 
amount input by the design information inputting means 4. 

The inspection standard on the solder amount can 
also be determined from a solder shape. Accordingly, the 
inspection standard may be set for the fillet curve of 
the solder basic pattern. As the inspection standard on 
the solder wettability, lower limits for the solder 
wicking rate and the solder spreading rate are input by 
the inputting means 12. These wicking rate and spreading 
rate are inspection standards for those used in the 



solder shape table generation program shown in FIG. 2. 

While a reference value or criterion for 
classifying the solder shape into a nondefective and a 
defective is usually set, the defective may be 
subclassif ied into several kinds (the degree of defective 
may be defined) . For example, the solder shape may be 
classified into three kinds, i.e., a complete defective, 
a near-good defective, and a nondefective. By defining 
such a degree of defective, it is possible to know the 
degree of any defective subjected to "undertight " 
determination in the circumstances where a small amount 
of "undertight" determination may be caused in order to 
reduce a large amount of "overtight" determination. In 
other words, it is possible to realize optimum data 
setting considering all the detection rate of defective, 
the overtight determination, and the undertight 
determination . 

Referring again to FIG. 1, the solder shape 
def ective/nondef ective determining means 14 determines 
whether each solder shape generated by the solder shape 
calculating means is defective or nondefective by using 
the inspection standards input by the inspection standard 
inputting means 12. FIG. 19 is a flowchart for the 
def ective/nondef ective determination. In step S51, the 



wicking position standard, the spreading position 
standard, and the solder amount standard are obtained. In 
step S52, the three-dimensional solder shape data is 
obtained from the solder shape table. 

In step S53, the solder amount or basic shape 
pattern is compared with the inspection standard on the 
solder amount to perform the def ective/nondef ective 
determination on the solder amount. In step S54, the 
wicking rate or spreading rate is compared with the 
inspection standard on the wetting amount to perform the 
def ective/nondef ective determination on the wetting 
amount. In step S55, it is determined whether or not the 
above determination has been ended for all the data in 
the solder shape table shown in FIG. 10. If the answer in 
step S55 is no, the steps S52 to S54 are repeated. 

If the answer in step S55 is yes, the program 
proceeds to step S56 to output a def ective/nondef ective 
determination table shown in FIG. 20. In the case that 
the degree of defective is defined, the number indicating 
the degree of defective is output. That is, the solder 
shape def ective/nondef ective determining means 14 
performs the def ective/nondef ective determination for a 
virtual solder shape by using the inspection standard 
specifying a defective range on the solder amount or 
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solder wetting amount. Preferably, the solder shape 
def ective/nondef ective determining means 14 classifies a 
defective into a plurality of ranks according to the 
degree of defective. 

Referring again to FIG. 1, the characteristic 
amount outputting means 16 is means for outputting the 
solder shape table shown in FIG. 10 and the inspection 
image table, the characteristic amount table, and the 
def ective/nondef ective determination table shown in FIG. 
20. By setting a threshold for each measured value in the 
characteristic amount table, the inspection data can be 
adjusted as checking the solder shape to be determined as 
"undertight " or "overtight" . The threshold for each 
measured value as obtained above is input into the 
optical or X-ray transmissive appearance inspecting 
machine, thereby allowing an improvement in accuracy of 
soldering inspection performed by the appearance 
inspecting machine. 

According to the present invention as described 
above, a plurality of solder shape data providing changes 
in solder shape due to deviations in component mounting 
position and variations in solder wettability and solder 
amount can be obtained according to information given in 
designing. Further, an inspection image, 
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def ective/nondef ective determination result, and 
characteristic amount accompanied by the above solder 
shape data can also be obtained. Accordingly, as compared 
with the prior art wherein the long-term collection of 
characteristic amounts or inspection images is required 
for the adjustment of inspection data, the characteristic 
amount for the adjustment of inspection data can be 
quickly obtained according to the present invention. 

Further, as compared with the prior art wherein the 
def ective/nondef ective determination by the worker is 
ambiguous, causing the ambiguity of inspection data 
adjustment, the present invention can achieve a precise 
def ective/nondef ective determination according to the 
inspection standards. Further, variations in inspection 
image due to any factors such as a solder surface 
condition other than a solder shape are neglected 
according to the present invention, thereby obtaining a 
characteristic amount neglecting an extremely rare 
inspection image. 

The present invention can also exhibit the 
following additional effects. First, by defining the 
degree of defective and classifying it into a plurality 
of ranks, it is possible to concentrate a defective rank 
intended to be detected upon data adjustment and thereby 
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to control the defective detection rate, overtight 
determination, and undertight determination. Secondly, 
Sata adjustment can be performed as checking a solder 
shape determined as undertight or overtight. Thirdly, 
even when manufacture conditions or the like such as a 
solder material are changed, a characteristic amount for 
readjusting data can be easily obtained only by changing 
the inspection image obtaining function. 

The present invention is not limited to the details 
of the above described preferred embodiments. The scope 
of the invention is defined by the appended claims and 
all changes and modifications as fall within the 
equivalence of the scope of the claims are therefore to 
be embraced by the invention. 
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